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Description 

Field of the Invention 

[0001] The invention relates to the local delivery of 
therapeutic agents, and more particularly, to systems 
that deliver depots of therapeutic agents into a body of 
tissue to allowforthetreatment of a variety of conditions, 
including coronary conditions and cardiovascular indi- 
cations. 

Background of the Invention 

[0002] Disease, injury and surgery can result in local- 
ized tissue damage and morbidity. For example, the 
principal treatment for occlusive vascular diseases is 
angioplasty, a procedure in which a balloon is inserted 
into the vessel and then inflated to dilate the area of nar- 
rowing. During inflation, the balloon can damage the 
vessel wall. It appears that as a result of this damage, 
in 30 to 50% of cases, the initial increase in lumen di- 
mensions is followed by a localized re-narrowing (rest- 
enosis) of the vessel over a time of three to six months. 
Thus, restenosis can result in the dangerous and local- 
ized ren arrowing of a patient's vessel at the site of the 
recent angioplasty. Like many other localized diseases, 
restenosis is complex and at present there is no clini- 
cally effective treatment for this disease. Gibbons et a/., 
Molecular Therapies for Vascular Diseases, Science 
vol. 272, pages 617-780 (May 1996). 
[0003] Restenosis, like many other localized injuries 
and diseases, has responded poorly to pharmacological 
therapies and agents. Numerous pharmacological 
agents have been clinically tested, and none have dem- 
onstrated an unequivocal reduction in the incidence of 
restenosis. However, the failure of these pharmacolog- 
ical therapies may arise from the systemic intolerance 
of the doses required to achieve local beneficial effects 
or in the difficulty of providing controlled administration 
of proper dosages overtime. Accordingly, one possible 
reason for the failure of these therapies is that submax- 
imal doses of pharmacological agents are being admin- 
istered to avoid the serious side-effects that might result 
from systemic administration of the proper dosage. 
[0004] To address this problem, various researchers 
have proposed methods for site-specific delivery of 
pharmacologic and molecular therapies. These meth- 
ods include the direct deposition of therapeutic agents 
into the arterial wall through an intravascular delivery 
system, systemic administration of therapeutic agents 
that have a specific affinity for the injured or diseased 
tissue, and systemic administration of inactive agents 
followed by local activation. 

[0005] At present, systems exist that attempt to 
achieve localized delivery of therapeutic agents. These 
systems include dual balloon delivery systems that have 
proximal and distal balloons that are simultaneously in- 
flated to isolate a treatment space within an arterial lu- 



men. A catheter extends between the two balloons and 
includes a port that can admit within the treatment space 
between the balloons an aqueous medium, typically one 
containing a therapeutic agent. Pressure can be applied 
s to the medium to create conditions conducive to intra- 
mural infusion. Other balloon-based localized delivery 
systems include porous balloon systems, hydroget- 
coated balloons and porous balloons that have an inte- 
rior metallic stent. Other systems include locally placed 
drug-loaded coated metallic stents and drug-filled poly- 
mer stents. Wilensky etal., Methods and Devices for Lo- 
cal Drug Delivery in Coronary and Peripheral Arteries, 
Trend Cardiovasc Med, vol. 3 (1993). 
[0006] Although these systems can provide working 
devices for local drug delivery, the efficacy of these de- 
vices turns on, and is limited by, a number of factors in- 
cluding the rate of fluid flux through the vascular wall, 
the residence time of the deposited agent and the local 
conditions and vasculature of the deposition site. Es- 
sentially, the success of these systems is limited by the 
amount of time that a delivered drug will stay resident 
locally before being carried downstream by circulating 
blood. Further, to the extent that these systems allow 
the therapeutic agent to be carried away, these systems 
run the risk of applying a therapeutic agent to areas of 
the patient's vasculature where such agents may not be 
beneficial. Additionally, these existing systems are lim- 
ited by the amount of drug that can be delivered to the 
diseased site. Moreover, drug filled polymer stents have 
structural problems that argue against their use. 
[0007] Existing systems for local drug delivery, includ- 
ing direct deposition of therapeutic agents through an 
intravascular delivery system, systemic administration 
of therapeutic agents that have a specific affinity for the 
injured or diseased tissue, and systemic administration 
of inactive agents followed by local activation, all require 
a functioning vascular system for delivery of the thera- 
peutic agent to the affected tissue. These systems, 
therefore, are inapplicable in conditions characterized 
by myocardial ischemia or infarction. When ischemic in- 
jury is of sufficient severity and duration, groups of in- 
volved cells die and myocardial infarction results. Within 
the ischemic area, not all cells are equally injured. As 
ischemia persists, there is wave-like progression of cell 
death or coagulation necrosis. The prospect for recov- 
ery decreases with increasing duration or severity of the 
ischemic insult. It is difficult to quantitate the extent to 
which ischemic injury will result in cell necrosis. 
[0008] Reperfusion can salvage injured tissue even 
after some cells have become necrotic. However, fol- 
lowing reperfusion, cells that have been already injured 
are particularly vulnerable to further injury. This phe- 
nomenon, termed "reperfusion injury," paradoxically re- 
sults in cellular necrosis when circulation returns to a 
cell population that survived the initial ischemic insult. 
Many factors contribute to this situation. The endotheli- 
um of vessels in the reperfused region have been dam- 
aged, causing platelet adherence and leukocyte activa- 
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tion with inflammatory sequelae. Oxygen free radicals 
are released by damaged cells, causing further cell and 
organelle damage. The sodium-potassium pump, dam- 
aged with the initial ischemia, can lose its regulatory 
ability and allow free water accumulation during reper- 5 
fusion, resulting in cell swelling and rupture. Unstable 
and leaky cell membranes can also lead to calcium ac- 
cumulation within the cytoplasm with uptake of calcium 
into mitochondria and formation of insoluble calcium- 
phosphate crystals. As a consequence, there may be a 10 
population of cells killed by the initial ischemic insult, 
and a further population killed following reperfusion. 
[0009] Both ischemia and infarction can adversely af- 
fect myocardial contractile function. The more extensive 
the injury, the more severe its impact on ventricular func- 15 
tion. Following severe myocardial ischemia, there may 
be a reversible hypocontractile state called "hiberna- 
tion," a condition of impaired contractility amenable to 
recovery (the so-called "stunned" myocardium, and 
frank myocardial infarction, characterized by cell death. 20 
Once a population of myocytes becomes necrotic, the 
injured tissue cannot regenerate itself; mature myocytes 
lackthe capacity for cellular replication. The contribution 
these necrotic myocytes made to contractile function is, 
thus irreversibly lost. Restoration of functioning myocar- 25 
dium after frank infarction requires both a restoration of 
tissue perfusion and a replenishing of viable cells that 
can assume the contractile role of the infarcted tissues. 
[0010] U.S. Patent No 5,1 80,366 (Woods) is directed 
to a balloon dilation catheter a drug delivery collar, for 30 
dispensing an anti-proliferation agent when the balloon 
is inflated. The agent is retained in polymeric pellets that 
are carried in perforations or chambers of the collar and 
are pushed out under the pressure created to inflate the 
balloon. However the pellets deliver only one type of 35 
agent to the treatment site. 

[0011] WO 95/33511 (Lee) discloses an implantable 
device for long-term delivery of therapeutic agents to tis- 
sue or organs, particularly those comprised of smooth 
muscle. The therapeutic agent is combined with a bio- 40 
degradable matrix that traps the therapeutic agent in the 
device via a variety of mechanisms such as ionic bond- 
ing. The biodegradability of the matrix controls the rate 
of therapeutic agent release so that long-term metered 
delivery of the agent is possible at a specific tissue tar- 45 
get. However, the Lee publication does not disclose the 
combination of a device carrying cells for implantation 
into tissue. 

[0012] EP 0853921 (Murphy-Chutorian) discloses a 
drug reservoir being associated with a drug delivery ap- so 
paratus. However, the reservoir appears to be fixed to 
the device for carrying a volume of liquid drug substance 
that is ejected by movement of a piston to be dispensed 
directly to the intended location, without being associat- 
ed with a pellet. 55 
[0013] WO 94/27612 (French et al.) is directed to a 
method of treating cardiovascular disease by providing 
a gene transfer vector to effected cells. A catheter based 



delivery system for delivering the vector directly to the 
targeted area is disclosed. 

[001 4] In view of the variety of localized cardiovascu- 
lar conditions affecting human health, it would be ad- 
vantageous to develop other methods of treatment for 
patients having localized cardiovascular conditions and 
in particular to develop methods of treatment that re- 
duce adverse side effects and have heightened efficacy. 
It would furthermore be advantageous to permit treat- 
ment of localized cardiovascular conditions resulting 
from myocardial ischemia and myocardial infarction 
through local delivery of therapeutic agents. 

Summary of the Invention 

[0015] In one aspect there is provided a therapeutic 
agent delivery implant for delivering at least two thera- 
peutic agents to tissue comprising: 

a body formed of a biocompatible material 

characterised in that 

said body contains at least two reservoirs each contain- 
ing at least one of the therapeutic agents and being per- 
meable to at least one therapeutic agent, 
wherein the first therapeutic agent contains at least one 
angiogenic agent, and 

wherein the second therapeutic agent contains cells for 
implantation in said tissue. 

[0016] It is an object of the invention to provide sys- 
tems that reduce or eliminate the downstream flow of a 
locally delivered agent. 

[001 7] It is a further object of the Invention to provide 
delivery of local therapeutic agents to areas of impaired 
vascularity. 

[0018] It is yet a further object of the invention to allow 
improvement of contractile function in infarcted myocar- 
dial tissue. 

[0019] Other objects of the invention will, in part, be 
obvious, and, in part, be shown from the following de- 
scription. 

[0020] To these ends, a system which is not part of 
the present invention is provided for implanting a depot 
into a tissue wall to thereby deliver a therapeutic agent 
selected for the condition being treated. Further, a sys- 
tem is provided for delivering a therapeutic agent into 
the myocardial tissue wall for treating various vascular 
conditions including restenosis, ischemic tissue, and 
myocardial infarction. Other applications of the systems 
described herein include the delivery of angiogenesis 
compounds that can be implanted into ischemic tissue; 
and/or antiarrhythmic drugs that can be implanted at the 
sites of conduction abnormalities. A further application 
of the systems described herein includes the delivery of 
cells for implantation into the myocardium, accompa- 
nied by angiogenesis compounds that will promote local 
circulation. Accordingly, the agent being locally deliv- 
ered can depend on the application at hand, and the 
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term agent, or therapeutic agent, as employed herein 
will be understood to encompass any agent capable of 
being locally delivered including, but not limited to, phar- 
maceutical compositions or formulations, viral or non- 
viral vectors (e.g., adenovirus vectors, retroviral vectors 
and the like), implantable (genetically engineered) cells, 
plasmid-liposome complexes or other DNA delivery 
complexes, oligonucleotides or any other suitable com- 
position compatible with the subject being treated. 
[0021] Further still, a system is provided for local de- 
livery of at least two therapeutic agents, one of which 
promotes angiogenesis and the other of which contains 
cells adapted for implantation into the myocardium. The 
therapeutic agent that promotes angiogenesis can in- 
clude any substance that induces the formation of blood 
vessels, including but not limited to such substances as 
vascular endothelial growth factor (VEGF), tumor ang- 
iogenesis factor (TAF), tumor necrosis factor (TNF), fi- 
broblast growth factor (FGF), wound angiogenesis fac- 
tor (WAF), other growth factors, and other substances 
including but not limited to angiogenin, fibrin, prostag- 
landin E and heparin. Cells adapted for implantation into 
the myocardium include, but are not limited to, cardio- 
myocytes and their precursors, skeletal myoblast-de- 
rived cells, fibroblasts, genetically modified fibroblasts 
and bone marrow stromal cells and their derivatives. 
Cells adapted for implantation into the myocardium can 
be subjected to genetic manipulation prior to or subse- 
quent to implantation. 

[0022] Yet further, an apparatus which is not part of 
the present invention is provided for delivering thera- 
peutic agents into the myocardium. These apparatus 
can comprise an outer mechanical element made of a 
biocompatible material which promotes angiogenesis 
locally by its contact with the myocardial tissues and fur- 
ther comprising an inner reservoir adapted for delivering 
cells adapted for implantation in the myocardial tissue. 
The inner reservoir may contain molecular ligands that 
possess specific affinity for the cell surface markers on 
circulating myocyte precursor cells, so that these cells 
are affixed within the reservoir and subsequently re- 
leased. The biocompatible material of the apparatus 
may comprise a drug releasing compound capable of 
releasing at least one therapeutic agent. The therapeu- 
tic agent may be capable of promoting angiogenesis. 
Finally, the apparatus may be bioresorbable. 
[0023] It is possible to have apparatus which is not 
part of the present invention for delivering at least two 
therapeutic agents comprising a body formed of a bio- 
compatible material containing at least one reservoir 
permeable to at least one therapeutic agent. The bio- 
compatible material of the delivery system can include 
a drug releasing compound capable of releasing at least 
one therapeutic agent. Therapeutic agents released by 
the drug releasing compound include, but are not limited 
to, those capable of promoting angiogenesis. It is also 
possible to have at least two therapeutic agents dis- 
posed within separate reservoirs, each reservoir being 



permeable to the therapeutic agent within it Finally, the 
apparatus may be bioresorbable. 
[0024] Trie catheter apparatus can comprise an elon- 
gate flexible body having a proximal end and a distal 

5 end, a delivery chamber coupled to the distal end of the 
body and having a space for carrying the therapeutic 
agent, and a port for releasing the therapeutic agent 
therefrom. The catheter apparatus can further include 
an actuator coupled to the distal delivery chamber and 

10 being capable of driving therapeutic agent through the 
port. 

[0025] The terms proximal and distal as used herein 
will be understood to describe opposite ends of a device 
or element, and generally will be employed so that prox- 
is imal is understood as "away from the heart" and distal 
is understood as "towards the heart" or to mean "toward 
the physician" and "away from the physician" respec- 
tively. 

Brief Description of the Figures 

[0026] The present invention and its advantages will 
be better understood by referring, by way of example, 
to the following detailed description and the attached fig- 
ures, in which; 

FIG. 1 depicts a catheter which is not part of the 
present Invention having a delivery chamber carried 
at the distal end; 

FIGS. 2A and 2B depict in more detail the delivery 
chamber of the catheter depicted in FIG. 1 ; 

FIGS. 3A and 3B depict an alternative delivery 
chamber for use with the catheter of FIG. 1 ; 

FIGS. 4A and 4B depict pellets suitable for implan- 
tation by the catheter of FIG. 1 ; 

FIG. 5 depicts one method for delivering a thera- 
peutic agent to the myocardium; 

FIG. 6 provides a cross-cut perspective of a coro- 
nary artery extending through the myocardium and 
having pellets of therapeutic agent disposed around 
the artery; and 

FIG. 7 depicts a local drug delivery device not part 
of the claimed invention having a pistol grip and be- 
ing suitable for use during an endoscopic proce- 
dure. 

Detailed Description of the Illustrated Embodiments 

[0027] To provide an overall understanding, the meth- 
ods and devices illustrated herein are described with ref- 
erence to the application of treating cardiac indications 
by implanting drug delivery pellets into myocardial tis- 
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sue for the treatment of coronary artery restenosis, 
ischemic heart disease, cardiac conduction disturbanc- 
es and other similar conditions. However, it wili be un- 
derstood that the systems and methods described here- 
in are applicable to any condition that can benefit from 
the implanting of a depot of a therapeutic agent, and the 
invention is not to be limited to the applications illustrat- 
ed herein. For example, the techniques herein are di- 
rectly applicable for implanting therapeutic agents to 
stimulate angiogenesis. The techniques herein are also 
directly applicable to the methods for delivering thera- 
peutic agents to infarcted myocardium where these 
therapeutic agents include substances for promoting 
angiogenesis and cells adapted for implantation in the 
myocardium. The techniques herein are further applica- 
ble to the manipulation of the cellular environment fol- 
lowing ischemic injury, either to protect against reper- 
fusion injury or to enhance recovery in the stunned my- 
ocardium. 

[0028] The depot implanting systems illustrated here- 
in include catheter systems for delivery via the cham- 
bers of the heart, endoscopic systems for pericardial ap- 
proach via minimally invasive trans-thoracic access, 
and systems for use during intraoperative pericardial 
approach during open-chest surgery. In one practice, 
the devices deliver a plurality of pellets that surround, 
or partially surround, an artery being treated. This is un- 
derstood to achieve the effect of implanting a drug-filled 
ring around the artery. The pellets remain in the myo- 
cardial tissue, and can give off drug(s) for a selected 
time period and then be absorbed by the body. The sys- 
tems described herein can implant pellets that contain 
radio-opaque markers to facilitate viewing the pellets by 
fluoroscopy during catheter delivery. 
[0029] Fig. 1 depicts one embodiment of a system for 
providing local delivery of a therapeutic agent. The de- 
livery device 10 includes a catheter 12, a delivery cham- 
ber 1 4, steering switches 1 6a and 1 6b, a handle 18, and 
a delivery control switch 20. 

[0030] The depicted system i 0 is a catheter system 
that can be guided through vascular access at the fem- 
oral artery or vein of a patient until the delivery chamber 
1 4 enters into the interior chambers of the patienfs heart 
to implant a depot of drug within the myocardium. To 
that end, the catheter 1 2 which extends between the de- 
livery chamber 14 and the handle 18 can be approxi- 
mately 175 cm to 200 cm in length and can include an 
elongated rotationally rigid, longitudinally flexible body 
optionally made of woven polyester fibers, stainless 
steel wires, thermoset or thermoplastic polymers or any 
other material suitable for use as a catheter shaft. The 
catheter can have a substantially uniform diameter of 
approximately 0.025 to 0.100 inches (.62 to 2.5 mm). 
[0031] In the example depicted in Fig. 1 , the catheter 
12 is a steerable catheter that allows or facilitates the 
guiding of the catheter through the patient's vasculature 
and into the chamber of the patienfs heart. Further, the 
steerable catheter 12 allows the physician to bend the 



catheter once the catheter has entered into the interior 
of the heart, to thereby position the delivery chamber 1 4 
adjacent the area of the endocardial wall through which 
the delivery chamber is to penetrate. The steering ca- 

5 pability of the catheter 12 is illustrated by the bend lo- 
cated at the distal end of the catheter 1 2. Steering cath- 
eters suitable for use are known in the art, and include 
steering catheters employed in Electrophysiology pro- 
cedures. Electrophysiology catheters typically provide 

10 steering through a combination of rotation and tip bend- 
ing. 

[0032] One suitable steerable catheter is described in 
U.S. Patent 5,656,029. This catheter provides an elon- 
gate flexible body that carries a bending mechanism at 
15 its distal end. The bending mechanism consists of a 
shape-memory element typically formed of Nitinol which 
is provided with a memory which makes it assume a 
straight condition when it is heated, such as by applica- 
tion of an electrical current. The shape memory element 
extends through the distal portion of the catheter and is 
adapted to remain straight along its full length in re- 
sponse to a current passing through the element. To 
control the location of the bending, an electrical bypass 
is slidably mounted about the bending element. The by- 
pass element can be an elongate cylindrical sleeve 
formed of a conductive material and through which the 
bending element can extend. The bypass element can 
act as a short circuit that bypasses current away from 
the bending element. Accordingly, the bypass element 
prevents current from heating the bending element at 
the location of the bypass. Consequently, the bending 
element will bend at the location of the bypass. By al- 
lowing the bypass to be slid along the length of the bend- 
ing element, the physician can select the location of the 
bypass, thereby selecting the location of bending. As the 
delivery chamber 14 is carried at the distal extremity of 
the catheter 12, this allows the physician to selectively 
position the delivery chamber 14 within the interior of 
the patienfs heart. 

[0033] The bending elements and bypass elements 
described above are carried within the catheter 12 and 
are not shown in Fig. 1 , but however are described in 
detail in the above identified reference. Additionally, it is 
noted that although the catheter 1 2 has been described 
with reference to one type of steerable catheter it will be 
apparent to one of ordinary skill in the art that other suit- 
able steering mechanisms can be employed including 
steering mechanisms that include actuating poles or 
wires that extend longitudinally through the catheter 
body. Moreover, it will be further understood that al- 
though the depicted catheter 1 2 is optionally a steerable 
catheter, the devices are not to be limited to steerable 
devices, and will be understood to encompass conven- 
tional catheter systems as well. 
[0034] Control of the depicted catheter 1 2 and the de- 
livery chamber 14 is provided by the integrated hand- 
held control mechanism and handle 18 mounted on the 
proximal end of thecatheter 1 2. The control mechanism/ 
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handle 1 8 can be of various types, and the depicted han- 
dle 18 is adapted for operating a steerable catheter 
wherein the bend of the catheter can be selectively con- 
trolled by the physician. To these ends, the hand-held 
control/handle 1 8 is dimensionally adapted to provide 5 
the treating physician with a device that is facile to ma- 
nipulate and comfortable to hold. Additionally, the hand- 
held mechanism/handle 18 includes a set of control 
switches, 16a, 16b and 20 that allow the physician to 
control the steering of the catheter 1 2 and the implanting 10 
of the depot. Switches 1 6a and 1 6b can provide steering 
control for the catheter 1 2/The switch 1 6a can be a sl- 
idable switch that allows the physician to control the lon- 
gitudinal position of the bend within the distal tip of the 
catheter. The switch 1 6a can activate the bending mech- is 
anism to cause the catheter tip to bend as needed. The 
control switch 20 can activate the delivery chamber 1 4 
to cause a pellet containing a therapeutic agent to be 
delivered into a tissue wall. 

[0035] It will be apparent to one of ordinary skill in the 20 
art that other control mechanisms/handles can be em- 
ployed with the described systems without departing 
from the scope thereof. Specifically, other systems can 
include joystick controls for operating the steerable 
catheters and can include controls for rotating the angle 25 
at which the distal end of the catheter bends. Still other 
control mechanisms/handles can include pistol grips for 
providing manual activation of the delivery chamber 14. 
Other modifications and additions can also be made to 
the control mechanism/handle. 30 
[0036] Fig. 2A depicts in greater detail one delivery 
chamber 1 4 which is suitable for being carried at the dis- 
tal end of the catheter 12 depicted in Fig. 1 . The delivery 
chamber 1 4 is sized to hold the plurality of minispheres 
22, each of which contains a therapeutic agent. The min- 35 
ispheres 22 are carried within an interior chamber 24 
which is bound at the proximal end by a plunger 33 and 
bound at the distal end by a wall formed of a plurality of 
flexible finger elements 36 that define a port 30. In the 
embodiment depicted in Fig. 2A, an optional detent 34 40 
is connected to a sidewall of the chamber 24 to provide 
a mechanical stop that prevents the minispheres 22 
from freely exiting through the port 30. Upon application 
of mechanical force by the plunger 33, the minispheres 
22 can be pushed over the detent 34, for allowing one 45 
minisphere 22 to be ejected through port 30. 
[0037] More specifically, the plunger 33 depicted in 
Fig. 2A includes a plate 38 and an actuating rod 40. The 
plate 38 is dimensioned to fill substantially the diameter 
of interior chamber 24 to provide thereby a surface that 50 
is adapted for forcing the minispheres 22 through the 
chamber 24 and out of port 30. The actuating rod 40 is 
connected to the plate 38 and provides a mechanical 
force to plate 38 to advance, or drive , the plate 38 distally 
into the chamber 24. In one example, the actuating rod 55 
40 extends through the catheter 12 and couples to the 
control mechanism/handle 1 8 at the proximal end of de- 
vice 10. In this example, the control mechanism/handle 



18 includes a mechanism that drives the actuating rod 
40 distally causing minispheres 22 to be delivered 
through port 30. Optionally, this example can include a 
control mechanism/handle 1 8 that incorporates a ratch- 
et assembly that drives the actuating rod 40 distally in 
discreet steps wherein a predetermined number of 
steps corresponds substantially to the diameter of one 
of the minispheres 22. For example, the depicted control 
switch 20 can be a rotatable switch that allows for man- 
ual actuation of a ratchet assembly contained within the 
control mechanism/handle 1 8. The ratchet assembly al- 
lows the physician to drive the plunger 33 distally into 
the chamber 24 thereby driving the minisphere 22 out 
of the port 30. In this way, the device 10 can allow for 
the discreet and sequential delivery of minispheres 22 
from the delivery chamber 14. 
[0038] Alternatively, the plunger 33 is threaded to 
mate with a threaded interior portion of chamber 24. 
Manual or motor-driven rotation of actuating rod 40 will 
advance or retract the plunger with a finer degree of con- 
trol than that provided by strictly linear actuation. Such 
control over the travel distance of the plunger 33 into 
and out of the interior chamber 24, gives control over 
the number of minispheres 22 delivered through port30. 
[0039] FIG. 2B provides a head-on perspective of the 
delivery chamber 14, showing the distal most portion of 
the delivery chamber 1 4 as viewed from a position along 
the longitudinal axis of the delivery chamber 1 4. Togeth- 
er, FIGS. 2A and 2B show that the distal end of the de- 
livery chamber 14 includes a port 30 that is formed from 
the convergence of a plurality of flexible arched fingers 
36, each of which is formed from a resilient material and 
each of which is biased to hold the minispheres 22 within 
the interior chamber 24. Upon action of the plunger 33 
to move the minispheres 22 distally, the fingers 36 will 
yield to the axial pressure and release a minisphere 22. 
Additionally, in the example depicted in FIG. 2A the op- 
tional detent 34 provides further resistance that pre^ 
vents minispheres 22 from exiting chamber 24 through 
the port 30 and for providing a tactile sensation that in- 
dicates when a minisphere 22 has been released, or has 
become available to be released, through port 30. 
[0040] The delivery chamber 14 is adapted to facili- 
tate the implantation of a depot of drug within a tissue 
wall. For example the delivery chamber 1 4 can be sized 
and made of a material rigid enough to facilitate the pen- 
etration of the delivery chamber within a tissue wall. Ac- 
cordingly, the depicted delivery chamber 14 can be 
about 0.010 to 0.050 inches (0.254 to 1.27 mm) in di- 
ameter, and about .05 to .075 inches (1 .27 to 1 .905 mm) 
in length, to. have a needle-like profile that is suitable for 
penetrating tissue. Additionally, the depicted delivery 
chamber 14 can be formed of stainless steel or of plastic 
material that is sufficiently rigid to allow the delivery 
chamber 14 to pass into a tissue wall. 
[0041] FIGS. 3A and 3B depict an alternative delivery 
chamber suitable for use with the catheter system 10 
shown in FIG. 1 . The depicted delivery chamber 50 in- 
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eludes a cylindrical sidewall 58 that defines an interior 
space that houses a plunger 52. The plunger 52 in- 
cludes a grooved plate 62 that can be rotatably driven 
along the threads 64 that extend along a portion of the 
sidewall 58. Accordingly, in this example the plunger 52 
advances into the delivery chamber 50 as the plate 62 
turns across, and travels over the threads 64. The distal 
end of the plunger 52 butts against a stack of nested 
drug delivery pellets 60 and forces the pellets 60 against 
the elongate flexible finger elements 54 that, as shown 
by FIG. 3B, define the port 56. 
[0042] The delivery chamber 50 implants drug pellets 
having a hollow, conical shape which facilitates the pen- 
etration of the implants 60 into the tissue wall. As shown, 
the plunger 52 can drive the pellets 60 through the port 
56 and into the tissue wall. As discussed above, the flex- 
ible fingers 54 are biased to hold the pellets 60 within 
the chamber 50, however, the mechanical force applied 
by the plunger 52 will be sufficient to overcome the bias 
force of the fingers 54. Again as discussed above, a 
ratchet assembly, a rotary actuator, and/or optionally a 
detent, can be employed to help the physician control 
the number of pellets being delivered into the tissue wall. 
Specifically, the ratchet assembly or rotary actuator con- 
trols the distance the plunger 52 is driven into the cham- 
ber 50 and the detent provides a tactile sensation each 
time a pellet 60 is moved a predetermined distance. 
[0043] The delivery chamber 50 provides an alterna- 
tive that allows for the implantation of larger pellets of 
drugs where the size of the pellet may require a delivery 
chamber that is too large to readily penetrate through a 
tissue wall. Accordingly, delivery chambers can be se- 
lectively developed for the implantation systems de- 
scribed herein based on the applications of interest and 
the size of 1 the pellet being delivered. For example, in 
systems that implant microspheres of drugs having di- 
ameters of about 5-1 5 urn, the delivery chamber can be 
adapted to hold the microspheres in a fluid medium and 
a plunger assembly, or other suitable system, can be 
"employed to flush the microspheres from the delivery 
chamber and into the tissue wail. In this case, the deliv- 
ery chamber can be simply a hypodermic needle, and a 
syringe connected to the proximal end of the system can 
inject the fluid medium through a lumen in the catheter 
12. Other delivery chambers can be employed with the 
systems described herein without departing from the 
scope hereof. 

[0044] The systems described above are capable of 
implanting pellets that contain a therapeutic agent. The 
therapeutic agent can be any compound that is biolog- 
ically active and suitable for long term administration to 
a tissue or organ. The pellets described above can be 
formed as mini-spheres that are of the order of about 
0.005 inches 0.127 mm) to about 0.040 inches (1.016 
mm) in diameter. Particles of this size are capable of 
providing a therapeutically effective dose of agent and 
can remain where implanted, resisting fluid flux through 
the tissue wall. 



[0045] An understanding of the technologies upon 
which the present description draws is based on articles 
in the scientific literature, such as those cited below. 
[0046] It is a realization that ischemia can be treated 
5 by promoting angiogenesis in the ischemic area. It is a 
further realization that the introduction of cardiomyocyte 
precursor cells into a damaged area of the myocardium 
can result in the production of functioning myocardial el- 
ements. 

w [0047] Molecular bases for vascular growth and re- 
modeling have been described in the scientific literature. 
Folkman and D'Amore, Blood Vessel Formation: What 
is its Molecular Basis? Cell vol. 87, pages 1153-1155 
(December 27, 1996); Kim era/., Inhibition of Vascular 

* 5 Endothelial Growth Factor-induced Angiogenesis Sup- 
presses Tumor Growth In Vivo, Nature vol. 362, pages 
841-844 (April, 1993); Knighton et at., Wound Healing 
Angiogenesis: Indirect Stimulation by Basic Fibroblast 
Growth Factor, J. Trauma vol. 30, pages S134-S144 

20 (December, 1 990). These findings have been applied to 
the myocardium, showing that increased neovasculari- 
zation can be induced by angiogenic therapy. Folkman, 
Angiogenic Therapy of the Human Heart, Circ. vol. 97, 
pages 628-629 (1998); Schumacher era/., Induction of 

25 Neoangiogenesis in Ischemic Myocardium by Human 
Growth Factors, Circ. vol. 97, pages 645-650 (1998). 
The abovementioned articles, describe the basis for ap- 
plying the techniques of angiogenesis to the ischemic 
myocardium. In an area of the myocardium where the 

30 native circulation has been impaired, it is understood 
that promoting angiogenesis can lead to the ingrowth of 
new blood vessels and thereby can help restore the lev- 
el of perfusion needed for effective tissue nutrition. 
[0048] In light of the fact that mammalian cardiomyo- 

35 cytes are terminally differentiated early in the develop- 
ment of the heart, it is understood that the myocardium 
cannot regenerate its muscle cells after myocardial inf- 
arction. Smith and Claycomb, Adult Rat Cardiomyocyte 
Proliferation Assay, In Vitro Cell Dev. Biol. vol. 33, pages 

40 428-431 (June, 1997); Parker and Schneider, Growth 
Factors, Proto-oncogenes, and Plasticity of the Cardiac 
Phenotype, Ann. Rev. Physiol, vol. 53, pages 179-200 
(1991). These articles, describe the ways in which the 
functioning myocardium responds to the loss of viable 

45 cardiomyocytes following ischemic injury. Terminal dif- 
ferentiation, and the factors that regulate it, are de- 
scribed by Olwin et at, Are Fibroblast Growth Factors 
Regulators ofMyogenesis In Vivo? Progress in Growth 
Factor Research, vol. 5, pages 145-158 (1994). It has 

so been further described that transplanted myocytes can 
be introduced into an area of the myocardium that has 
been damaged by ischemia or infarction. Li era/., Car- 
diomyocyte Transplantation Improves Heart Function, 
Ann. Thor. Surg. vol. 62, pages 654-661 (1 996). Accord- 

55 jng to this article, cardiomyocytes are understood to sur- 
vive and function when placed within an area of injured 
or necrotic myocardium, or within myocardial scar tis- 
sue. It has been further described that genetically mod- 
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ified cardiomyocytes transplanted into damaged myo- 
cardium survive in ischemic areas. Aoki et a/., Survival 
of Grafts of Genetically Modified Cardiac Myocytes 
Transfected with FITC-labeled Oligodeoxynucteotides 
and the Beta-Galactosidase Gene in the Noninfarcted 
Area but not in the Myocardial Infarcted Area, Gene 
Therapy vol. 4, pages 120-127 (1997); Gojo et a/., 
Transplantation of Genetically Marked Cardiac Muscle 
Cells, J. Thorac. Cardiovasc. Surg. vol. 113, pages 
10-18(1 997); Gojo etal, Ex Vivo Gene Transfer into My- 
ocardium Using Replication-defective Retrovirus, Cell 
Transplantation, vol. 5, palges S81-S84 (1996). These 
articles further teach the possibility of genetic modifica- 
tion of cells implanted within the myocardium whereby 
the implanted cells would express factors that would 
contribute to the clinical treatment of the damaged area. 
Growth factors expressed by genetically modified cells 
are understood to produce angiogenesis in vivo. Ueno 
et a/., Adenovirus-Mediated Expression of the Secreted 
Form of Basic Fibroblast Growth Factor (FGF-2) Induc- 
es Cellular Proliferation and Angiogenesis In Vivo, Ar- 
terioscler. Thromb. Vase. Biol. vol. 1 7, pages 2453-2460 
(1997). 

[0049] Cardiomyocytes introduced into damaged my- 
ocardium are understood in the following articles to im- 
prove cardiac function. Jia etal., Transplanted Cardio- 
myocytes Survived in Scar Tisszce and Improved Heart 
Function, Cell Transplantation vol. 5, page 42 (1 997); Li 
et ai, Natural History of Fetal Rat Cardiomyocytes 
Transplanted into Adult Rat Myocardial Scar Tissue, 
Circ. vol. 96, Supp. II, pages 1 79-187 (1997). It is further 
understood, however, that other cells besides cardiomy- 
ocytes can be introduced into the damaged myocardium 
and will differentiate into cells that function like cardio- 
myocytes. Sources of cells, include the skeletal muscle 
satellite cells and cells from the bone marrow, are de- 
scribed in the following articles, Chiu etal., Cellular Car- 
diomyoplasty: Myocardial Regeneration with Satellite 
Cell Implantation, Ann. Thorac. Surg. vol. 60, pages 
12-18 (1995); Ferrari et ai, Muscle Regeneration by 
Bone Marrow-derived Myogenic Progenitors, Science 
vol. 279, pages 1528-1530 (March 6, 1998); Pennisi, 
Bone Marrow Cells May Provide Muscle Power, Science 
vol. 279, page 1 456 (March 6, 1 998). According to these 
publications, non-cardiomyocytes can be induced to dif- 
ferentiate into ceils with structure and function analo- 
gous to cardiomyocytes, thus making a variety of cells 
available for transplantation into the damaged myocar- 
dium with the anticipation of functional benefit. 
[0050] Methods described in the abovementioned 
publications for introducing cells into the myocardium 
have been substantially limited to direct intramural nee- 
dle injections of cell suspensions under direct visualiza- 
tion In the operative setting. An alternative method of 
intra-arterial or intraventricular injection of cell suspen- 
sions into the bloodstream has been described that re- 
sulted in successful engraftation of cells within the my- 
ocardium. Robinson etal., Arterial Delivery of Geneti- 



cally Labeled Skeletal Myoblasts to the Murine Heart: 
Long-term Survival and Phenotypic Modification of Im- 
planted Myoblasts, Cell Transplantation vol. 5, pages 
77-91 (1996). Microsphere technology, well-known to 
s practitioners in the art, has been described for the de- 
livery of angiogenic factors to the heart. Arras etal., The 
Delivery of Angiogenic Factors to the Heart by Micro- 
sphere Therapy, Nature Biotechnology vol. 16, pages 
159-162 (1998). It is a realization that the delivery of a 

10 combination of therapeutic , agents, including those 
agents adapted for stimulating angiogenesis and those 
agents containing cells adapted for implantation in the 
myocardium, can be provided by a system of pellets that 
are introduced into the myocardium. 

15 [0051] The pellets of the present invention contain at 
least two therapeutic agents, one agent capable of pro- 
moting angiogenesis and another agent containing cells 
adapted for implantation in the myocardium. The pellet 
contains at least two reservoirs, with one therapeutic 

20 agent disposed in each. These reservoirs can have dif- 
ferent permeability characteristics, so there is differen- 
tial release of the two agents. In one example, the pellet 
includes a drug releasing compound capable of releas- 
ing at least one therapeutic agent, while the other agent 

25 js retained within a reservoir contained within the pellet. 
The pellet or any reservoir within it can be made of a 
bioresorbable material. The reservoir can contain mo- 
lecular ligands that have affinity for surface markers of 
circulating myocyte precursor cells, so these cells be- 

30 come enclosed within the reservoir until their release. 
[0052] Techniques and materials for forming pellets 
capable of acting as drug delivery implants are well 
known in the art. In one practice, a solid pellet is formed 
from a biodegradable polymer that has been doped or 

35 "seeded" with the desired therapeutic agent. Typically, 
the polymer is a synthetic polymer, such as poly(lactic 
acid) or polyorthoesters, and is formed by solvent evap- 
oration, spray drying, or phase separation. Such a pellet 
70 is depicted in FIG. 4A. The polymer is capable of 

40 breaking down over time, allowing the drug to be re- 
leased into the adjacent tissue. To aid in visualizing the 
implant by fluoroscopy or x-ray, a sphere of a precious 
metal, such as gold or platinum, can be covered with the 
drug-filled polymer 72 in a thickness that provides the 

45 desired volume, dosage and/or time release profile. 
Other acceptable drug delivery implants include the 
"container" implant which is filled with a liquid drug. A 
wall of the container is at least partially made of a bio- 
degradable polymer that permits passage of drug mol- 

so ecules at a certain rate. This design is common for in- 
jectable microspheres. One advantage is that it can 
work for drugs that are not amenable to doping in poly- 
mers because of heat processes or other incompatibil- 
ities. A radio-opaque metal core could be incorporated 

55 into this "container" type pellet to facilitate viewing. 
[0053] Additionally, pellets delivered into or against 
the tissue wall can be coated with or include adhesive 
materials that adhere to tissue. Further, coatings can be 
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provided that facilitate the absorption of the pellet into 
the tissue wall. Such coatings can include fumaric acid, 
sebacic acid and other similar materials. 
[0054] FIG. 4B depicts in more detail a pellet 76 suit- 
able for delivery by the delivery chamber 50 depicted in 
FIGS. 3A and 3B. The pellet 76 is a hollow conical body 
that provides a pointed end that facilitates delivery of 
the pellet 76 into a tissue wall. Optionally, the pellet 76 
can carry a radio opaque marker (not shown) and, in 
one embodiment, the radio opaque marker comprises 
grains of a noble metal which are incorporated into the 
material of which the pellet 76 is formed. 
[0055] It will be apparent to one of ordinary skill in the 
art that other drug delivery implants can be employed 
with the systems described herein, including disc 
shaped pills or cylindrical implants that incorporate a 
solid, drug-filled polymer core with the container-type bi- 
odegradable polymer wall. One such implant is de- 
scribed in U.S. patent 5,629,008. 
[0056] FIGS. 5 and 6 depict more explicitly one meth- 
od which is not part of the present invention for implant- 
ing a therapeutic agent into a tissue wall. The depicted 
method is a cardiovascular treatment for restenosis that 
can occur in a coronary artery. The method includes the 
steps of employing an elongate flexible surgical instru- 
ment (e.g., a catheter) having a distal end that carries a 
delivery chamber 14. The distal end is inserted into a 
vascular system of a patient, such as by insertion via a 
femoral artery or vein. The delivery chamber 1 4 is guid- 
ed through the patient's vascular system until the deliv- 
ery chamber 14 is disposed within the heart, such as 
within the left ventricle. Once within the heart, the deliv- 
ery chamber is employed to implant a therapeutic agent 
into the tissue of the heart. 

[0057] In a first step the physician can determine the 
therapeutic agent, or agents, to be implanted and the 
depot for the selected agents. The depot may be select- 
ed by considering, inter alia, the desired time of drug 
residence within the tissue and the desired dosage to 
be eluted during the course of the residence. Optionally, 
the pellets can carry a plurality of therapeutic agents, 
either by solidifying a plurality of agents within the pol- 
ymer coating of each pellet, or by providing pellets car- 
rying different therapeutic agents. This latter practice al- 
lows the physician to load both active therapeutic agents 
and agents capable of activating therapeutic agents up- 
on contact, or capable of degrading the polymer wall of 
an implanted pellet. This can allow for greater time delay 
before activation of an agent, and for greater selection 
in the delivery vehicle and the agents and drugs being 
delivered. Once the agents are selected, the physician 
can select the delivery chamber to use and can pre-load 
the delivery chamber with a plurality of pellets, each of 
which can be a minisphere, a helical, conical pellet, a 
cylindrical container, or other device capable of being 
implanted into the myocardium. The physician can 
preload the delivery chamber 14 with the set of pellets 
that have been selected to deliver the proper depot of 



therapeutic agent to the tissue around an artery that is 
suffering from, or may suffer from, restentosis. Alterna- 
tively, pellets containing a desired therapeutic agent can 
be preloaded into the delivery system, which is provided 
5 to the physician as a sterile, disposable item. 

[0058] Before delivering the preloaded delivery cham- 
ber 14 into the heart, the treating physician optionally 
performs a preliminary step of positioning a radio- 
opaque marker at the site of restenosis. This allows the 
treating physician to view the marker during delivery of 
the pellets. The marker can be a stent, or any viewable 
markerthatwill remain present at the site of the localized 
disease during the implanting of the drug delivery pel- 
lets. 

[0059] In one practice, the marker can be the radio- 
opaque marker of a balloon being employed during a 
PTC A procedure. Specifically, as restenosis may arise 
from the site of the angioplasty, one practice performs 
the drug delivery at the same time as the angioplasty. 
In this procedure, the treating physician leaves the PT- 
CA catheter in place, while the delivery implant system 
is guided to the target area. A radiopaque marker in the 
balloon gives fluoroscopic guidance during the implant 
procedure. 

[0060] At this time, the physician can guide the im- 
plant system along the appropriate delivery route until 
the catheter enters the interior of the patient's heart. The 
delivery chamber can approach target areas from within 
any chamber of the heart. Notably, the practices de- 
scribed herein allow that even septal arteries can be 
treated for cardiac conditions or to stimulate angiogen- 
isis. In FIG. 5, the delivery chamber is shown as ap- 
proaching the target area from the interior of the heart, 
and positioning the delivery chamber against the endo- 
cardial tissue over the myocardium. Upon positioning 
the delivery chamber adjacent the interior tissue wall of 
the heart, the physician drives the delivery chamber into 
the tissue and to the targeted area. The physician actu- 
ates the control mechanism and ejects a pellet from the 
delivery chamber, implanting the pellet within the target- 
ed area of the myocardium. 

[0061] It is a realization of the present invention that 
the practices described herein are often suitable for ar- 
teries normally considered epicardial, with little sur- 
rounding myocardial tissue or subepicardial fat in which 
to implant the drug delivery pellets. Specifically, re- 
searchers have noted that tunneled epicardial coronary 
arteries may represent a normal variant being recog- 
nized in up to 86% of vessels. Waller, Anctomy Histol- 
ogy, and Pathology of the Major Epicardial Coronary Ar- 
teries Relevant to Echocardiography Imaging Tech- 
niques, Journal of American Society of Echocardio- 
graphy Imaging, vol. 2 (1989). 
[0062] FIG. 6 shows that it is desirable to implant the 
pellets as close as possible to the artery being treated, 
and that providing an array of implanted pellets about 
the periphery of the artery may provide sufficient local- 
ized elution of therapeutic agent to prevent restenosis. 
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In one practice, the pellets are implanted through a sin- 
gle point of entry through the myocardium. The physi- 
cian manipulates the distal tip of the catheter to dispose 
the port of the delivery chamber at the depicted loca- 
tions. At each location, a pellet is ejected from the de- 
livery chamber and implanted into the myocardium. 
[0063] FIG. 7 depicts a further alternative. The depict- 
ed system 80 includes a short catheter 82 that carries 
a delivery chamber 84 at its distal end and that connects 
at its proximal end to a pistol grip control mechanism 88. 
[0064] The system 80 is adapted for use during an en- 
doscopic procedure and to that end the depicted cath- 
eter 84 is a short catheter adapted to slide within a en- 
doscopic port that has been placed through the chest 
and positioned abutting the pericardium. The delivery 
chamber 84 can be a delivery chamber as discussed 
above and can be dimension ally adapted to penetrate 
and extend through the pericardial sac. The delivery 
chamber can penetrate into the myocardium and there- 
by allow the physician to implant pellets into the myo- 
cardium. Optionally, the catheter 82 can be a steerable 
catheter which allows the physician to bend the distal 
tip of the catheter 82 to place the delivery chamber 84 
where needed. Alternatively, the catheter can include a 
deflectable tip, as is known in the art, which the physi- 
cian can direct to the targeted area. Other modifications 
to the system 80, including providing the catheter with 
a fiber optic viewing device to allow the physician to view 
the interior of the pericardial sac, can be made. 
[0065] The depicted pistol grip 88 provides the physi- 
cian with a manual actuator that allows the physician to 
control the implanting of pellets within the myocardium. 
The pistol grip 88 can be a molded plastic assembly of 
the type well known in the art for actuating a mechanical 
assembly, such as the plunger assembly of the delivery 
chamber 14 described above. 
[0066] in a further practice, the techniques described 
can be employed during an open chest procedure. Spe- 
cifically, the surgeon performing the open chest opera- 
tion can employ a delivery device that includes a deliv- 
ery chamber as described above to implant pellets into 
the myocardium. Additionally, in this practice, the phy- 
sician can employ a hypodermic needle to inject a solu- 
tion containing microspheres of a therapeutic agent. 
[0067] Moreover, the systems and methods for im- 
planting depots of therapeutic agents can be applied to 
conditions other than those relating to cardiac failure. 
For example, the systems described herein can be ap- 
plied to the treatment of muscle tissue afflicted by insuf- 
ficient circulation. In one practice, the systems de- 
scribed herein are employed to deliver a human ang- 
iogenic growth factor, such as VCEF, which is under- 
stood to stimulate the growth of blood vessels. Thus, the 
systems described herein can promote the survival of 
muscle tissue that is moribund as a result of poor circu- 
lation due to failing or occluding blood vessels. 
[0068] Those skilled in the art will know or be able to 
ascertain using no more than routine experimentation, 



many equivalents to the examples and practices de- 
scribed herein. For example, the devices described 
herein can be used in cooperation with drilling elements 
or laser devices capable of forming an opening in a tis- 
5 sue wall, such as the myocardium. The delivery cham- 
ber can be inserted into the preformed openings for de- 
livering a therapeutic agent therein. Further, pellets de- 
scribed herein can include threaded exterior surfaces 
that facilitate implanting the pellet within a tissue wall. 



Claims 

1 . A therapeutic agent delivery implant for delivering 
'5 at least two therapeutic agents to tissue comprising: 

a body (22,60,70) formed of a biocompatible 
material, 

20 characterised in that, 

said body contains at least two reservoirs each con- 
taining at least one of the therapeutic agents and 
being permeable to at least one therapeutic agent, 
wherein the first therapeutic agent contains at least 
25 one angiogenic agent, and 

wherein the second therapeutic agent contains 
cells for implantation in said tissue. 

2. An implant according to claim 1 wherein said reser- 
30 voirs have different permeability characteristics to 

said therapeutic agents. 

3. An implant according to any preceding claim where- 
in said biocompatible material comprises a drug re- 

35 leasing compound for releasing at least one thera- 
peutic agent. 

4. An implant according to claim 3 wherein said drug 
releasing compound releases at least one thera- 

40 peutic agent capable of promoting angiogenesis. 

5. An implant according to any preceding claim where- 
in said biocompatible material is a bioresorbable 
material. 

45 

6. An implant according to claim 1 wherein said body 
includes at least a first and a second member, each 
having a respective one of said first and said second 
therapeutic agents. 

50 

7. An implant according to any preceding claim where- 
in said reservoir contains molecular ligands, said 
ligands possessing specific affinity for cell surface 
markers expressed on circulating myocyte precur- 

55 sor cells, whereby said myocyte precursor cells be- 
come affixed within said reservoir. 

8. An implant according to any of claims 1 to 6 wherein 
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said cells for implantation Include myoblast - de- 
rived cells. 

9. An implant according to any of claims 1 to 6 wherein 
said cells for implantation include cardiomyocytes. 

10. An implant according to any of claims 1 to6wherein 
said cells for implantation include precursors to car- 
diomyocytes. 

1 1 . An implant according to any of claims 1 to 6 wherein 
said ceils for implantation include genetically mod- 
ified fibroblasts. 

12. An implant according to any of claims 1 to 6 wherein 
said cells for implantation include precursors to fi- 
broblasts. 

13. An implant according to any of claims 1 to6wherein 
said cells for implantation include bone marrow 
stromal cells. 



Patentanspruche 

1 . Therapeutische Agenszufuhrimplantat zum Zufiih- 
ren zumindest zweiertherapeutischer Mittel zu Ge- 
webe, umfassend: 

einen aus einem biokompatiblen Material gebil- 
deten Korper (22, 60 t 70), 

dadurch gekennzeichnet, dass 

der Korper zumindest zwei Reservoirs enthalt, die 
beide zumindest eines der therapeutischen Mittel 
enthalten und fur zumindest ein therapeutisches 
Mittel permeabel sind, 

wobei das erste therapeutische Mittel zumindest ei- 
ne angiogenes Mittel enthalt, und 
wobei das zweite therapeutische Mittel Zellen zur 
Implantation in das Gewebe enthalt. 

2. Implantat gemaB Anspruch 1 , wobei die Reservoirs 
unterschiedliche Permeabilitatseigenschaften fur 
die therapeutischen Mittel aufweisen. 

3. Implantat gemaB einem der vorstehenden Ansprii- 
che, wobei das biokompatible Material eine Medi- 
kamentenfreisetzende Verbindung zum Freisetzen 
zumindest eines therapeutischen Mlttels umfasst. 

4. Implantat gemaB Anspruch 3, wobei die Medika- 
mentenfreisetzende Verbindung zumindest ein the- 
rapeutisches Mittel freisetzt, das in der Lage ist, die 
Angiogenese zu fordern. 

5. Implantat gemaB einem der vorstehenden Anspru- 
che, wobei das biokompatible Material ein bioresor- 



bierbares Material ist. 

6. Implantat gemaB Anspruch 1 , wobei der Korper zu- 
mindest ein erstes und ein zweites Element be- 

5 inhaltet, die beide jeweils eines derersten undzwei- 
ten Mittel aufweisen. 

7. Implantat gemaB einem der vorstehenden Anspru- 
che, wobei das Reservoir molekulare Liganden ent- 

10 halt, wobei die Liganden eine spezifische Affinitat 
fur Zelloberflachenmarker besitzen, die auf zirkulie- 
renden Myozyten-Vorlauferzellen exprimiert sind, 
wodurch die Myozyten-Vorlauferzellen innerhalb 
des Reservoirs befestigt werden. 

15 

8. Implantat gemaB einem der Anspruche 1 bis 6, wo- 
bei die Zellen fur die Implantation Myoblasten-ab- 
geleitete Zellen beinhalten. 

20 9. implantat gemaB einem der Anspruche 1 bis 6, wo- 
bei die Zellen fur die Implantation Kardiomyozyten 
beinhalten. 

10. Implantat gemaB einem der Anspruche 1 bis 6, wo- 
25 bei die Zellen fur die Implantation Kardiomyozyten- 

Vorlaufer beinhalten. 

11. Implantat gemaB einem der Anspruche 1 bis 6, wo- 
bei die Zellen fur die Implantation genetisch modi- 

30 fizierte Fibroblasten beinhalten. 

12. Implantat gemaB einem der Anspruche 1 bis 6, wo- 
bei die Zellen fur die Implantation Fibroblasten-Vor- 
laufer beinhalten. 

35 

13. Implantat gemaB einem der Anspruche 1 bis 6, wo- 
bei die Zellen fur die Implantation Knochenmark- 
Stromazellen beinhalten. 

40 

Revendicatlons 

1 . Implant de liberation d'agent therapeutique pour li- 
berer au moins deux agents thgrapeutiques dans 
45 un tissu comprenant : 

un corps (22, 60, 70) fait d'un materiau biocom- 
patible, caracterlse en ce que, 
ledit corps contient au moins deux reservoirs 
so contenant chacun au moins un des agents th6- 

rapeutiques et etant perm6ables a au moins un 
agent therapeutique, 

dans lequel le premier agent therapeutique 
55 contient au moins un agent angiogenique, et 

dans lequel le second agent therapeutique 
contient des cellules pour implantation dans ledit 
tissu. 



11 



21 



EP1 115 452 B1 



Implant selon la revendication 1 , dans lequel lesdits seus 
reservoirs possedent' differentes caracteristiques 
de permeabllite envers lesdits agents therapeuti- 
ques. 

5 

Implant selon Tune quelconque des revendications 
precedentes, dans lequel ledit materiau biocompa- 
tible comprend un compose de liberation de medi- 
cament pour liberer au moins un agent th6rapeuti- 
que. 10 

Implant selon la revendication 3, dans lequel ledit 
compost de liberation de medicament libere au 
moins un agent therapeutique capable de faciliter 
I'angiogenese. 15 

Implant selon Tune quelconque des revendications 
precedentes, dans lequel ledit materiau biocompa- 
tible est un materiau bioresorbable. 



Implant selon la revendication 1, dans lequel ledit 
corps comprend au moins un premier et un second 
element, chacun comportant respectivement un du- 
dit premier et dudit second agents th6rapeutiques. 



20 
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7. Implant selon Tune quelconque des revendications 
precedentes, dans lequel ledit reservoir contient 
des ligands moieculaires, lesdits ligands possedant 
une affinite sp6cifique pour des marqueurs de sur- 
face celluiaire exprimes sur des cellules precur- 30 
seurs de myocyte circulantes, moyennant quoi les- 
dites cellules precurseurs de myocyte deviennent 
apposees a I'interieur dudit reservoir. 

8. Implant selon Tune quelconque des revendications 35 
1 a 6, dans lequel lesdites cellules pour implantation 
comprennent des cellules derivees de myoblastes. 



9. Implant selon Tune quelconque des revendications 
1 a 6, dans lequel lesdites cellules pour implantation 40 
comprennent des cardiomyocytes. 



10. Implant selon Tune quelconque des revendications 
1 a 6, dans lequel lesdites cellules pour implantation 
comprennent des precurseurs de cardiomyocytes. 45 

11. Implant selon Tune quelconque des revendications 
1 a 6, dans lequel lesdites cellules pour implantation 
comprennent des fibroblastes modifies g6n6tique- 
ment. so 

12. Implant selon Tune quelconque des revendications 
1 a 6, dans lequel lesdites cellules pour implantation 
comprennent des precurseurs de fibroblastes. 

55 

13. Implant selon Tune quelconque des revendications 
1 a 6, dans lequel lesdites cellules pour implantation 
comprennent des cellules stromales de moelle os- 



12 



EP 1 115 452 B1 



16a 16b l 

X I X 



20 



10 




Y 

12 




Fig. 1 
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Fig. 2A 
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Fig. 2B 
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Fig. 3A 
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Fig. 3B 
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Fig. 4A 




Fig. 4B 
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Fig. 6 
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Fig. 7 
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